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(54) Sensor for three-dirnensionally detecting force or acceleration 



(57) A sensor unit is capable of detecting a physical 
quantity such as acceleration or force with an improved 
accuracy while maintaining the detection limit. The sen- 
sor unit includes at least three sensors for three-dimen- 
sionally detecting the magnitude and the direction of the 
physical quantity wherein the at least three sensors are 
disposed in one plane. Each sensor includes: an oper- 
ating member (36,37,38) ; a supporting base (70) hav- 
ing a hollow and disposed around the operating member 
located at the center of the hollow; and a flexible plate 
(33,34,35) or diaphragm having a piece of piezoelectric 
material (40,41,42) in contact with at least one pair of 
electrodes and extending across the hollow at an end 
of the supporting base, the operating member being 
suspended at the center of the hollow by the flexible 
plate. The three sensors are assigned to the X, Y, and 
X directions, respectively, of a three-dimensional coor- 



dinate system so that the physical quantity applied from 
the outside is detected for each component in the X, Y, 
and Z directions independently of each other by one cor- 
responding sensor, in each of the three-axis sensors as- 
signed the X and Y directions, respectively, thick por- 
tions having a greater thickness than the other portions 
are formed on opposite sides of the flexible plate of each 
sensor so that the thick portions are at symmetric loca- 
tions about the X or Y axis assigned to each three-axis 
sensor thereby constraining each operating member in 
motion so that each operating member can move only 
in a particular direction thus making each sensor have 
an anisotropic sensitivity to the physical quantity applied 
from the outside. 

The centre of gravity of one of the sensors is pref- 
erably located in the plane ol the flexible plate to make 
this sensor substantially insensitive to accelerations in 
directions parallel to the plane. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

The present invention relates to a sensor unit with 
a piezoelectric element for three-dim ens ionally sensing 
the magnitude and the direction of a physical quantity 
applied from the outside. 

2. Description of Related Art 

In the automobile, mechanical, and related indus- 
tries, there is an increasing need for a sensor capable 
of accurately detecting a physical quantity such as force, 
acceleration, magnetic field, or the like. In particular, 
there is a need for developing a small-sized sensor ca- 
pable of detecting such a physical quantity for each of 
two- or three-dimensional components. 

One known technique to realize such a sensor is to 
dispose a plurality of piezoelectric sensor elements on 
a flexible plate provided with an operating member (as 
disclosed in Japanese Patent Application Laid-open No. 
5-26744). 

In this sensor, the flexible plate is deformed in re- 
sponse to a physical quantity applied from the outside 
to the operating member, and the piezoelectric element 
generates a charge corresponding to the deformation of 
the flexible plate thereby three-dimensionally detecting 
the magnitude and the direction of the physical quantity 
using the single sensor unit, (hereinafter, this type of 
sensor is referred to as a "three-axis sensor'). 

As an example of a three-axis sensor, an accelera- 
tion sensor of the type using a weight as an operating 
member is described below with reference to Fig. 2. As 
shown in Fig. 2, when an acceleration of a is applied 
from the outside on the sensor, a weight 1 experiences 
an inertial force f in a direction opposite to the acceler- 
ation a. As a result, a flexible plate 3, which extends in 
a horizontal direction between the weight 1 and a sup- 
porting base 2, has a deformation corresponding to the 
inertial force f . 

Depending on the direction and the amount of the 
deformation 4, corresponding amount of charges are 
generated in respective piezoelectric elements 5 dis- 
posed on the flexible plate 3. By detecting these charg- 
es, il is possible to perform a three-dimensional detec- 
tion of the acceleration applied from the outside. 

This type of sensor is described in further detail be- 
low with reference to Figs. 3(a) and 3(b). In the sensor 
shown in Figs. 3(a) and 3(b), the center of the bottom 
plane of a cylindrical weight 10 to which a flexible plate 
12 is attached is defined as the origin O, the plane ex- 
tending in parallel to the flexible plate 12 passing 
through the origin O is defined as an X-Y plane, and X 
and Y axes are defined in this X-Y plane so that X and 
Y axes are perpendicular to each other. Furthermore, a 



Z axis is defined so that it extends in a direction perpen- 
dicular to the X-Y plane and passes through the origin O. 

In this structure, each portion of the piezoelectric 
material located between one pair of upper and lower 
5 electrodes is referred to as a "piezoelectric sensor ele- 
ment". In the specific example of the sensor shown in 
Figs. 3(a) and 3(b), four piezoelectric sensor elements 
each consisting of a particular portion of the piezoelec- 
tric material and a pair of electrodes are disposed in the 

10 XandY directions on the flexible plate 12, and additional 
eight piezoelectric sensor elements for use in detection 
in the Z direction are disposed. 

In this sensor, the respective components of the in- 
ertial force f applied on the weight 1 by the external ac- 

15 celeration a are determined by the amounts of charge 
generated in the respective piezoelectric sensor ele- 
ments as described below. That is, the X-axis compo- 
nent f x of the inertial force is detected by the piezoelec- 
tric sensor elements E r E 4 as shown in Fig. 4(a). Simi- 
le larly, the Y-axis component f Y of the inertial force is de- 
tected by the piezoelectric sensor elements E 5 -E e (not 
shown). On the other hand, the Z-axis component f z , 
shown in Fig. 4(b), of the inertial force is detected by the 
piezoelectric sensor elements E 9 -E l2 and also by the 

25 piezoelectric sensor elements E 13 -E 16 . 

The directions of the respective components are 
determined on the basis of the charge polarity pattern. 
For example, in the example shown in Fig. 4(a), a 
charge polarity pattern of "+-+-" appears on the upper 

00 surface of the piezoelectric material and a charge polar- 
ity pattern of "+--+" appears on the upper surface of the 
piezoelectric material in Fig. 4(b), wherein the pattern is 
seen from left to right in both cases. 

From the resultant force of the combination of the 

35 detected components f x> f Y , and f z , the direction and the 
magnitude of the inertial force f and thus those of the 
external acceleration a can be determined in a three di- 
mensional fashion using the single small-sized sensor. 
In order for the three-axis sensor to accurately de- 

40 tect the inertial force f, it is required to accurately detect 
each component f x , f Y , and f z in the X, Y, and Z direc- 
tions, respectively. 

However, the detection of one component can be 
influenced by the present of other components because 

45 the three-axis sensor described above detects each 
component in the X, Y, and Zdirections by means of the 
single flexible plate having a weight and extending in a 
horizontal direction. 

That is, the detection limit which is determined by 

so the spring constant of the flexible plate is further reduced 
if the single flexible plate is used for detection in both 
directions. This results in a reduction in the detection 
range of the sensor. 

Although the above problem may be avoided to a 

55 certain extent by increasing the hardness or the spring 
constant of the flexible plate, the result is a reduction in 
the sensitivity. 
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SUMMARY OF THE INVENTION 

In view of the above, the object of the invention is 
to provide a technique of increasing the detection accu- 
racy while maintaining high sensitivity. s 

According to an aspect of the present invention, 
there is provided a sensor unit comprising at least three 
three-axis sensors disposed in one plane, the at least 
three three-axis sensors each comprising: an operating 
member; a supporting base having a hollow and dis- 10 
posed around the operating member located at the cent- 
er of the hollow; and a flexible plate having a piece of 
piezoelectric material in contact with at least one pair of 
electrodes and extending across the hollow at an end 
of said supporting base, the operating member being is 
suspended at the center of said hollow by the flexible 
plate; the flexible plate being deformed in response to 
the behavior of the operating member corresponding to 
a physical quantity applied from the outside, the piece 
of piezoelectric material generating a charge corre- 20 
sponding to the deformation of the flexible plate thereby 
three-dimensionally detecting the magnitude and the di- 
rection of the physical quantity, wherein: when a three- 
dimensional X-Y-Z coordinate system is defined in such 
a manner that the central point of the flexible plate at 2s 
which said operating member is suspended is defined 
as an origin O and a plane parallel to the flexible plate 
and passing through the origin O is defined as an X-Y 
plane, the three three-axis sensors are assigned the X, 
Y, and Z directions, respectively, of the three-dimension- 30 
al coordinate system so that a physical quantity applied 
from the outside is detected for each component in the 
X, Y, and Z directions independently of each other there- 
by three-dimensionally detecting the magnitude and the 
direction of the physical quantity. 35 

In the sensor unit according to the present inven- 
tion, a weight is preferably employed as the operating 
member for detecting an acceleration applied from the 
outside. 

Furthermore, in thethree-axis sensors assigned the 40 
X, Y, and Z directions, respectively, each operating 
member is preferably constrained in motion so that each 
operating member can move only in a specified direction 
thereby making each three-axis sensor have an aniso- 
tropic sensitivity to the physical quantity applied from the <s 
outside. In each of the three-axis sensors assigned the 
X and Y directions, respectively, high-rigidity portions 
having a higher bending rigidity than the other portions 
may be formed on opposite sides of the flexible plate of 
each three-axis sensor so that the high-rigidity portions so 
are at symmetric locations about the X or Y axis as- 
signed to each three-axis sensor 

thereby constraining the motion of each operating 
member. In each of the three-axis sensors assigned the 
X and Y directions, respectively, thick portions having a ss 
greater thickness than the other portions may be formed 
on opposite sides of the flexible plate of each three-axis 
sensor so that the thick portions are at symmetric loca- 
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tions about the X or Y axis assigned to each three-axis 
sensor thereby constraining the motion of each operat- 
ing member. The thick portions having a greater thick- 
ness than the other portions may be formed on the flex- 
ible plate by means of laminate molding into an integral 
form, by means of a screen printing technique, by 
means of putting a reinforcing member via an adhesive, 
or by means of a transfer printing technique. 

In each of the three-axis sensors assigned the X 
and Y directions, respectively, hard portions having a 
greater hardness than the other portions may be formed 
on opposite sides of the flexible plate of each three-axis 
sensor so that the hard portions are al symmetric loca- 
tions about the X or Y axis assigned to each three-axis 
sensor thereby constraining the motion of each operat- 
ing member so that each operating member can move 
in a particulardirection in response to a physical quantity 
applied from the outside. The hard portions having a 
greater hardness than the other portions may be formed 
on the flexible plate itself or on the piezoelectric member 
formed over the entire upper su rface of the flexible plate 
by disposing a hardening agent by means of coating or 
spraying technique. 

In the three-axis sensor assigned the Z direction, 
the center of gravity of the operating member suspend- 
ed by the flexible plate of said three-axis sensor is pref- 
erably located in the plane of the flexible plate thereby 
constraining the motion of each operating member so 
that each operating member can move in a particular 
direction in response to a physical quantity applied from 
the outside. To this end, the operating member may be 
formed so that it has a symmetric shape about the X-Y 
plane. 

According to another aspect of the present inven- 
tion, there is provided a sensor unit comprising two 
three-axis sensors disposed in one plane, the two three- 
axis sensors each comprising: an operating member; a 
supporting base having a hollow and disposed around 
the operating member located at the center of the hol- 
low; and a flexible plate having a piece of piezoelectric 
material in contact with at least one pair of electrodes 
and extending across the hollow at an end of the sup- 
porting base, the operating member being suspended 
at the center of the hollow by the flexible plate; the flex- 
ible plate being deformed in response to the behavior of 
the operating member corresponding to a physical 
quantity applied from the outside, the piece of piezoe- 
lectric material generating a charge corresponding to 
the deformation of the flexible plate thereby three-di- 
mensionally detecting the magnitude and the direction 
of the physical quantity, wherein: when a two-dimen- 
sional X-Y coordinate system is defined in such a man- 
ner that the central point of the flexible plate at which 
the operating member is suspended is defined as an or- 
igin O and a plane parallel to the flexible plate and pass- 
ing through the origin O is defined as an X-Y plane, said 
two three-axis sensors are assigned the X and Y direc- 
tions, respectively, of the two-dimensional coordinate 
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system so that a physical quantity applied from the out- 
side is detected for each component in the X and Y di- 
rections independently of each other thereby two-di- 
mensionally detecting the magnitude and the direction 
of the physical quantity. 

In this sensor unit according to the invention, a 
weight is preferably employed as the operating member 
for detecting an acceleration applied from the outside. 

Furthermore, In each of the three-axis sensors as- 
signed the X and Y directions, respectively, of the sensor 
unit, each operating member is preferably constrained 
in motion so that each operating member can move on ly 
in a specified direction thereby making each three-axis 
sensor have an anisotropic sensitivity to the physical 
quantity applied from the outside. In each of the three- 
axis sensors assigned the X and Y directions, respec- 
tively, high-rigidity portions having a higher bending ri- 
gidity than the other portions may be formed on opposite 
sides of the flexible plate of each three-axis sensor so 
that the high-rigidity portions are at symmetric locations 
about the X or Y axis assigned to each three-axis sensor 
thereby constraining the motion of each operating mem- 
ber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1(a)(b)(c)(d) are schematic diagrams of an 
embodiment of a sensor unit according to the present 
invention, wherein a top view is given in Fig. 1 (a) and 
see-through views seen from the front side are given in 
Figs. 1(b), 1(c), and 1(d). 

Fig. 2 is a perspective view of an embodiment of a 
three-axis sensor used in the present invention. 

Figs. 3(a)(b) are perspective view and a top view, 
respectively, of an embodiment of a three-axis sensor 
used in the invention. 

Figs. 4(a)(b) are schematic diagrams conceptually 
illustrating the operation of a three-axis sensor used in 
the invention. 

Figs. 5(a)(b) are perspective view and a top view, 
respectively, of an embodiment of a three-axis sensor 
used in the invention. 

Figs. 6(a)(b) are schematic diagrams conceptually 
illustrating the operation of a three-axis sensor used in 
the invention. 

Fig. 7 is a top view illustrating the operation of an 
embodiment of a three-axis sensor used in the inven- 
tion. 

Fig. 8 is a top view illustrating the operation of an 
embodiment of a three-axis sensor used in the inven- 
tion. 

Fig. 9 is a top view illustrating the operation of an 
embodiment of a three-axis sensor used in the inven- 
tion. 

Fig. 10 is a see-through view, seen from the front 
side, of an embodiment of a three-axis sensor used in 
the invention. 

Fig. 11 is a top view illustrating the operation of an 



embodiment of a three-axis sensor used in the inven- 
tion 

Fig. 12 is a top view illustrating the operation of an 
embodiment of a three-axis sensor used in the inven- 
s tion. 

Fig. 1 3 is a top view illustrating the operation of an 
embodiment of a three-axis sensor used in the inven- 
tion. 

Fig. 14 is a top view illustrating the operation of an 
10 embodiment of a three-axis sensor used in the inven- 
tion. 

Fig. 15 is a top view illustrating the operation of an 
embodiment of a three-axis sensor used in the inven- 
tion. 

is Fig. 1 6 is a top view illustrating the operation of an 
embodiment of a three-axis sensor used in the inven- 
tion. 

Fig. 17 is a top view illustrating the operation of an 
embodiment of a three-axis sensor used in the inven- 
20 tion. 

Fig. 18 is a top view illustrating the operation of an 
embodiment of a three-axis sensor used in the inven- 
tion. 

Fig. 1 9 is a top view illustrating the operation of an 
embodiment of a three-axis sensor used in the inven- 
tion. 

Fig. 20 is a top view illustrating the operation of an 
embodiment of a three-axis sensor used in the inven- 
tion. 

Fig. 21 is a top view illustrating the operation of an 
embodiment of a three-axis sensor used in the inven- 
tion. 

Fig. 22 is a top view of an embodiment of a three- 
axis sensor used in the invention. 

Fig. 23 is a perspective view illustrating an example 
of the layout of electrodes and piezoelectric materials in 
a three-axis sensor used in the invention. 

Fig. 24 is a perspective view illustrating an example 
of the layout of electrodes and piezoelectric materials in 
a three-axis sensor used in the invention. 

Fig. 25 is a perspective view illustrating an example 
of the layout of electrodes and piezoelectric materials in 
a three-axis sensor used in the invention. 

Fig. 26 is a top view of an embodiment of a sensor 
unit according to the present invention. 

Fig. 27 is a top view of an embodiment of a sensor 
unit according to the present invention. 

Fig. 28 is a top view of an embodiment of a sensor 
unit according to the present invention. 

Figs. 29(a)(b)(c) are schematic views of an embod- 
iment of a sensor unit according to the present invention, 
wherein a top view is given in Fig. 29(a) and see-through 
views seen from the front side are given in Figs. 29(b) 
and 29(c). 

Figs. 30(a)(b)(c) are top views of an embodiment of 
a sensor unit according to the present invention. 

Figs. 31(a)(b)(c) are see-through views, seen from 
the front side, of an embodiment of a sensor unit accord- 
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ing to the present invention. 

Figs. 32{a)(b)(c) are schematic diagrams of an em- 
bodiment of a sensor unit according to the invention, 
wherein top views are given in Figs. 32(a) and 32(b) and 
a see-through view seen from the front side is given in 
Fig. 32(c). 

Figs. 33(a)(b) are schematic diagrams of an em- 
bodiment of a sensor unit according to the present in- 
vention, wherein a top view is given in Fig. 33(a) and a 
see-through view seen from the front side is given in Fig. 
33(b). 

Figs. 34(a)(0) are schematic diagrams of an em- 
bodiment of a sensor unit according to the present in- 
vention, wherein a top view is given in Fig. 34(a) and a 
see-through view seen from the front side is given in Fig. 
34(b). 

Figs. 35(a)(b) are schematic diagrams of an em- 
bodiment of a sensor unit according to the present in- 
vention, wherein a top view is given in Fig. 35(a) and a 
see-through view seen from the front side is given in Fig. 
35(b). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the present invention, a sensor unit is produced 
by properly combining a plurality of three-axis sensors. 
Therefore, before describing the sensor unit, a single 
three-axis sensor used in the inventbn is first described 
with reference to the accompanying drawings. 

As shown in Figs. 3(a)(b) and 5(a)(b), the single 
three-axis sensor comprises: an operating member 10; 
a supporting base 11 having a hollow and disposed 
around the operating member 10 located at the center 
of the hollow; one or more flexible plates 1 2 each having 
a piece of piezoelectric material in contact with at least 
one pair of electrodes and extending across the hollow 
at an end of the supporting base 11 , the operating mem- 
ber 10 being suspended at the center of the hollow by 
the flexible plates 1 2; (hereinafter this basic type of sen- 
sor is referred to as a ■standard" type sensor"). Alterna- 
tively, the sensor may comprise, as shown in Figs. 6(a) 
and 6(b), a supporting column 13; one or more flexible 
plates 1 4 having a piece of piezoelectric material in con- 
tact with a pair of electrodes and extending in a horizon- 
tal direction from the supporting column 1 3 located at 
the central position; and operating members 15 sus- 
pended at the end of the respective flexible plates 14 
(hereinafter this basic type of sensor is referred to as an 
umbrella-shaped sensor). 

In the umbrella-shaped sensor, the weight 15 serv- 
ing as the operating member behaves in such a manner 
as shown in Fig. 7(a) in response to acceleration a x or 
a Y in the X-Y plane, while it behaves in such a manner 
as shown in Fig. 7(b) in response to acceleration a 2 in 
a direction along the Z axis, and thus the magnitude and 
the direction of the acceleration a applied from the out- 
side can be detected as in the standard type. 



In the umbrella-shaped sensor, it is generally easier 
to employ a weight having a greater volume and thus 
having a greater mass than in the standard type. There- 
fore, in the umbrella-shaped sensor, the flexible plate 
s can be deformed to a greater degree, which results in a 
higher sensitivity. 

In the present invention, the supporting base 1 1 dis- 
posed around the operating member 10 is a member 
responsible for supporting the flexible plate 12 and the 
10 operating member 10, and there are no special limita- 
tions in its shape and material as long as it has a me- 
chanical strength high enough to support the flexible 
plate 12 and the operating member 10. 

The shape of the supporting base 11 is defined by 
*5 its outer shape and also by the inner shape of the hollow. 
For example, when the supporting base 11 is square in 
the outer shape, the hollow may be formed into a cylin- 
drical shape 16 as shown in Fig. 3(b) : or into a square 
shape 1 7 as shown in Fig. 7, or otherwise into an octag- 
20 onal shape 1 8 as shown in Fig. 8. The outer shape may 
also be cylindrical as shown in Fig. 9. 

In general, the acceleration is applied in a rather 
symmetrical fashion in the X-Y plane. If this fact is taken 
into consideration, it is more desirable that the support- 
's ing base 11 be cylindrical in both the outer and inner 
shapes as shown in Fig. 9. 

In the case of the umbrella-shaped type, the sup- 
porting column 1 3 plays a similar role to that of the sup- 
porting base 11 , and it may be formed into a cylindrical, 
30 polygonal, or other proper shape. The supporting col- 
umn 1 3 may also be made of a similar material to that 
employed for the supporting base 11. 

It is preferable that the material of the supporting 
base 11 be rigid to a proper degree so that the support - 
35 jng base 11 is not deformed to a great degree when an 
external acceleration is applied thereby ensuring that 
the sensor can accurately detect the behavior of an ob- 
ject (such as a car) on which the sensor is installed. This 
also allows the sensor to have a higher sensitivity. 
40 Conversely, a material which will absorb the behav- 
ior of the object to be sensed will result in reductions in 
the sensitivity and the reliability, and thus such a mate- 
rial is unsuitable. For example, metal and ceramic hav- 
ing a high rigidity are preferable materials. Of these two 
4$ materials, ceramic is more preferable in that it is not eas- 
ily influenced by electromagnetic waves. 

To increase the rigidity of the supporting base, it is 
desirable that the hollow of the supporting base 11 be 
closed at its one end as shown in Fig. 10. In the case 
50 where the supporting base 1 1 has a bottom plate 20, the 
structure has an additional advantage that the sensor 
can be easily mounted on an object to be detected. 

In the present invention, the operating member 10 
may be made up of a rod-shaped material if the physical 
55 quantity applied on the operating member 10 is a me- 
chanical force, a magnetic material for a magnetic force, 
or a weight for an acceleration. The sensor of the inven- 
tion may be used in a most preferable fashion as an ac- 
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celeration sensor, and thus it is assumed hereinafter 
that the operating member 10 is formed into a weight 
shape. 

The weight 10 is a member suspended by the flex- 
ible plate 12 in such a manner that the flexible plate 12 
is deformed by the force exerted on the weight 10 by a 
magnitude and into a direction corresponding to an ex- 
ternal acceleration applied on the weight 10. The weight 
10 has no special laminations in the shape and material 
as long as the above purpose is achieved. The weight 
10 may be bonded to the flexible plate 1 2 via an adhe- 
sive or the like or may be formed into a single structure 
integral with the flexible plate 12. 

More specifically, the weight may be formed into a 
cylindrical shape as shown in Fig. 3(b), a rectangular 
shape as shown n Fig. 11, or an octagonal shape as 
shown in Fig. 12. The cylindrical shape such as that 
shown in Fig. 3(b) Is preferable in that this structure is 
symmetric to a high degree in terms of the detection of 
the acceleration in the X-Y plane. More preferably, the 
weight may be formed into a truncated cone shape 
whose external diameter increases with the distance 
measured from the flexible plate 12 toward the bottom 
of the supporting base 1 1 . or into a stepped-diameter 
cylindrical shape in which the diameter of the lower por- 
tion is greater than that of the upper portion. These 
structures have the advantage that the center of gravity 
is far from the flexible plate 12. 

In the case of the umbrella-shaped basic type, the 
weight may be formed for example into a shape being 
rectangular in the outer sides and having a cylindrical 
hollow similar to the shape of the supporting base 11 
employed in the standard type sensor shown in Fig. 3 
(b). 

It is preferable that the weight 10 be made of a ma- 
terial having a sufficiently large mass and having a high 
density so that the weight 10 can generate a great force 
in response to an acceleration applied from the outside 
thereby deforming the flexible plate 1 2 to a great degree, 
which results in a high sensitivity. 

For example, metal and ceramic are preferable ma- 
terials for this purpose. Of these two materials, ceramic 
is more preferable in that it is not easily influenced by 
electromagnetic waves and it is lower in the thermal ex- 
pansion coefficient. 

In the present invention, the flexible plate 12 is a 
plate-shaped member with a piezoelectric material, dis- 
posed across the hollow at an end of the supporting 
base 1 1 and suspending a weight 1 0 at the center of the 
hollow or otherwise extending outward from the support- 
ing column 1 3 located at the center and having a weight 
15 at the end of the flexible plate. In response to the 
magnitude and direction of an external acceleration, the 
weight 10 or 1 5 generates a force thereby deforming the 
flexible plate 12 or 1 4 to a corresponding degree, which 
in turn generates a corresponding charge in the piezo- 
electric material. Thus it is possible to make a three-di- 
mensional detection of the physical quantity on the basis 



of the amount of the generated charge and the charge 
polarity pattern. 

Although the flexible plate 12 or 14 has no special 
limitations in the shape and material as long as it has a 
5 sufficient flexibility and a mechanical strength high 
enough not to be broken by the behavior of the weight 
10 or 15, it is preferable that an elastic deformation eas- 
ily occurs in the flexible plate 1 2 or 1 4 so that the sensor 
has a high sensitivity. 
10 More specifically, melal, ceramic, glass, and resin 
may be employed as the material for the flexible plate 
12 or 14. Of these materials, ceramic is most preferable 
because it is high in the modulus of elasticity and thus 
it can generate a high stress in the piezoelectric mate- 
's rial. When the flexible plate is made of a conductive ma- 
terial such as metal, it is required to make isolation be- 
tween the flexible plate and the electrodes on the pie- 
zoelectric material. 

Alternatively, the entire flexible plate 12 may be 
made up of a piezoelectric material 21 as shown in Fig. 
13. 

As for the shape, the flexible plate may be formed 
either of a single plate as shown in Fig. 6(b) or of a plu- 
rality of long plates extending in radial directions be- 
tween the weight 10 and the supporting base 11 as 
shown in Fig. 3(b) or between the supporting column 13 
and the weight 15. Any other suitable planar structure 
can be employed instead of the flexible plate. 

However, the structure comprising a plurality of long 
plates such as that shown in Fig. 3(b) is more preferable 
because this structure allows easier deformation of the 
flexible plate 12 or 14. 

In the case where a plurality of long plates are em- 
ployed, they are needed to be disposed so that they ex- 
tend in radial directions from the center of th e upper sur- 
face of the weight 10 and so that they are symmetric in 
terms of the detection of the acceleration in the X-Y 
plane. The number of long plates, the width thereof, the 
manner in which they extend may be properly deter- 
mined depending on the number of piezoelectric sensor 
elements 21, the manner in which they are disposed, 
and the shape of the supporting base 11. 

For example, as shown in Fig. 3(b), eight long plates 
may be disposed so that they extend in radial directions 
from the center of the upper surface of the weight 10. In 
the case where charges are detected in directions along 
axes X, Y, and Z independently of each other, at least 
two long plates for each axis and thus six long plates in 
total are enough for the detection. If long plates de- 
posed in the X and Y directions are also used for del 
tion in the 2 direction, the total number of long pie 
may be reduced to four as shown in Fig. 14. 

Alternatively, a plurality of long plates may be dis- 
posed in parallel in each direction as shown in Fig. 15. 

However, the structure shown in Fig. 14 in which 
there are four long plates is more preferable because of 
its simple interconnection and easy process required for 
adjustment. 
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A piezoelectric material is disposed on the Flexible 
plate in such a manner mat the piezoelectric material is 
in contact with at least one pair of electrodes. When an 
acceleration is applied from the outside on the weight, 
the weight generates a force which deforms the flexible 
plate. The piezoelectric material generates a charge 
corresponding to the deformation of the flexible plate 
thereby detecting the magnitude and the direction of the 
acceleration. 

Preferable piezoelectric materials which can be em- 
ployed in the present invention include piezoelectric ce- 
ramic such as PZT, PMN and PNN and organic piezoe- 
lectric materials. Of these, PZT is more preferable be- 
cause it has good piezoelectric characteristics. 

The circular flexible plate or long plate-shaped flex- 
ible plates may themselves be formed of a piezoelectric 
material. Instead, a piezoelectric material may be dis- 
posed across the entire upper surface of the single cir- 
cular flexible plate 12 disposed on the upper surface of 
the supporting base 11 as in the case of Fig. 13, or a 
piezoelectric material may be disposed on the entire up- 
per surface of each of the plurality of long plate-shaped 
flexible plates 12 extending in radiation directions as 
shown in Figs. 3(a)(b). In the structure shown in Figs. 5 
(a)(b), plural pieces of piezoelectric materials are dis- 
posed on the circular flexible plate 12 such that they ex- 
tend in radial directions from the origin O at the center 
of the weight 10. 

A pair of electrodes are disposed so that the upper 
and lower surfaces of the piezoelectric materials are in 
contact with the respective electrodes thereby realizing 
piezoelectric sensor elements. 

In the case where piezoelectric materials are dis- 
posed in radiation directions, if charges are detected in 
the directions along the axes X, Y, and Z independently 
of each other, then at least two piezoelectric elements 
for each axis and thus six piezoelectric elements in total 
are enough for the detection. If the piezoelectric ele- 
ments in the X and Y directions are also used for detec- 
tion in the Z direction, the number of piezoelectric ele- 
ments may be reduced to four as in the case of the struc- 
ture shown in Fig. 14. 

Furthermore, a plurality of piezoelectric elements 
may also be disposed in parallel in each direction as in 
the case of Fig. 15. 

It is not necessarily required that each piezoelectric 
element consists of a single piece of piezoelectric ma- 
terial disposed in a continuous fashion. The piezoelec- 
tric sensor elements may also be realized with a plurality 
of pieces of smaller-sized piezoelectric materials 21 so 
that each piece of piezoelectric material forms one pie- 
zoelectric sensor element as shown in Fig. 16 or 17. 

In this case, the respective pieces of electric mate- 
rials 21 may be formed into any desired shape. For ex- 
ample, they may be formed into a rectangular shape as 
shown in Fig. 1 6 or 1 7, or into a circular shape as shown 
in Fig. 18. Otherwise, the respective pieces of piezoe- 
lectric materials 21 may be formed into a strip shape as 



shown in Fig. 19. 

When a circular-shaped flexible plate is employed, 
piezoelectric materials 21 may be disposed into the 
shape of fans or into a pattern generated by dividing a 
s circle into a plurality of parts, as shown in Figs. 20-22. 
In the example shown in Fig. 20, two piezoelectric ele- 
ments are disposed in each of X and Y directions and 
four piezoelectric elements are disposed for use of de- 
tection in the Z direction. In the example shown in Fig. 
10 21 , two piezoelectric elements are disposed in each of 
X and Y directions, and one piezoelectric material is dis- 
posed for use of detection in the Z direction. On the other 
hand, in the example shown in Fig 22, two piezoelectric 
elements are disposed in each of X and Y directions and 
is two piezoelectric elements are disposed for use of de- 
tection in the Z direction. 

Each piece of piezoelectric element is disposed in 
such a manner that it is located at least between a pair 
of upper and lower electrodes and it is in contact with 
the respective electrodes. As described above, the por- 
tion of each piezoelectric material located between the 
upper and lower electrodes acts as a "piezoelectric sen- 
sor element". This means that the number of piezoelec- 
tric sensor elements may be increased not only by in- 
creasing the number of pieces of piezoelectric materials 
but also by increasing the number of electrodes in con- 
tact with the piezoelectric materials. For example, two 
piezoelectric sensor elements may be formed either of 
two separate pairs of upper electrodes 22 and lower 
electrodes 23 and two separate pieces of piezoelectric 
materials 21 as shown in Fig. 23, or of two separate pairs 
of upper electrodes 22 and lower electrodes 23 and a 
single piece of piezoelectric material 21 shared by the 
two piezoelectric sensor elements as shown in Fig. 24. 
Furthermore, as shown in Fig. 25, a single piece of pie- 
zoelectric material 21 and a single lower electrode 23 
may be shared by two piezoelectric elements. 

A small-sized high-precision three-axis sensor hav- 
ing any of structures described above may be easily pro- 
duced using a known technique such as a green sheet 
lamination technique or a screen printing technique. 

In the present invention, a sensor unit is constructed 
by disposing at least three three-axis sensors of the type 
described above in one plane so that a physical quantity 
applied from the outside may be detected for each of X, 
Y, and Z directions Independently of each other. 

In the case where three sensors of the conventional 
type each having a sensitivity for a particular one direc- 
tion are employed, it is required that the three sensors 
be disposed so that the respective sensors are oriented 
in directions to be detected. For example, three sensors 
are placed on three sides, respectively, of a cube. How- 
ever, such a three-dimensional arrangement needs a 
large installation space. 

In contrast, in the sensor unit according to the 
present invention, three-axis sensors are employed and 
they are disposed in one plane, and thus no problem 
occurs in terms of the installation space. 
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In the sensor unit according to the present inven- 
tion, unlike the unit including only one three-axis sensor, 
there are three sensors and thus there are three oper- 
ating points (such as weights) located at separate posi- 
tions. Problems which may occur due to the separation 
of the three operation points or due to some difference 
among three operating members can be avoided by pro- 
ducing sensors so that they have a small enough size 
and have equal characteristics by means of the green 
sheet lamination technique or the screen printing tech- 
nique. 

The maximum allowable size of the sensor unit de- 
pends on an object on which the sensor is installed. In 
the case of head-mount displays, the maximum allowa- 
ble size is about 20 mm square, and a 40 mm square is 
allowable for car applications. These sizes are within a 
practically achievable range. 

In the present invention, as described above, the 
sensor unit includes at least three sensors so that a 
physical quantity applied from the outside can be de- 
tected for each component of X, Y, and Z directions in- 
dependently of each other. At least three sensors 24 
may be located in various fashions. For example, they 
may be located in one line on a strip-shaped substrate 
25 as shown in Fig. 26. Alternatively, they may be dis- 
posed at L-shaped locations. They may also be dis- 
posed on a circular-shaped substrate 26 or a triangular- 
shaped substrate 27 as shown in Fig. 27 or 28. The ar- 
rangements shown in Figs. 27 and 28 have the advan- 
tage that a small total installation space is required. 

When it is required to detect an acceleration in the 
X-Y plane or in two directions as is the case in a sensor 
used with an air bag of a car, two sensors 24 located for 
example as shown in Figs. 29(a)(b)(c) are enough for 
the purpose. 

The basic way in which the piezoelectric material 
and the electrodes are disposed in the sensor unit ac- 
cording to the invention is described below. 

Figs. 30(a)(b)(c) are top views of a sensor unit ac- 
cording to the present invention, and Figs. 3l(a)(b)(c) 
are see-through views thereol, seen from the Iront side. 

In these figures, three-axis sensors 30, 31, and 32 
are disposed from left to right wherein these sensors 30, 
31 , and 32 are responsible for detection in the X, Y, and 
Z directions, respectively. Piezoelectric materials 40, 
41, and 42 are disposed on the respective circular- 
shaped flexible plates 33, 34, and 35 wherein the pie- 
zoelectric materials 40, 41 , and 42 are located between 
the corresponding at least one pair of electrodes in such 
a manner that the upper and lower surfaces of the re- 
spective piezoelectric materials are in contact with the 
corresponding electrodes. Weights 36, 37, and 38 are 
suspended at the center of lower surface of the respec- 
tive circular-shaped flexible plates 33, 34, and 35. 

If an acceleration in the X direction is applied on this 
sensor unit, charges are generated, as shown in Figs. 
30b and 31b, in the piezoelectric materials 40, 41, and 
42 located on the flexible plates 33, 34, and 35. 



In this situation, charges equal in amount but oppo- 
site in polarity are generated on the upper surface (and 
also on the lower surface) of the single piece of piezo- 
electric material 42 of the Z-direction sensor 32. How- 
5 ever, these charges in the piezoelectric material 42 are 
canceled out, and no voltage appears between the up- 
per and lower electrodes. On the other hand, in the Y- 
direction sensor 31 having two pieces of piezoelectric 
materials 41 disposed in parallel to the X axis, charges 
10 equal in amount and opposite in polarity generated on 
the upper (lower) surface of each piece of piezoelectric 
material 41 are also canceled out, and no voltage ap- 
pears between the upper and lower electrodes. 

Thus, only the X-direction sensor 30 has a voltage 
is appearing between upper and lower electrodes. In the 
case where an acceleration is applied in the Y direction, 
a voltage appears only in the Y-direction sensor 31 . 

On the other hand : when an acceleration is applied 
in the Y direction, charges are generated in the piezoe- 
lectric materials 40, 41 , and 42 on the flexible plates 33, 
34, and 35 as shown in Figs. 30(c) and 31 (c). 

In the X-direction sensor 30 having two pieces of 
piezoelectric materials 40, charges equal in amount and 
polarity appear on the upper (lower) surfaces of the two 
pieces of the piezoelectric materials 40, and thus a volt- 
age appears between upper and lower electrodes. How- 
ever, these charges result in a polarity pattern different 
from that which occurs when an acceleration is applied 
in the X direction, and therefore, if the electrodes are 
connected in a proper fashion, the charges which ap- 
pear in response to the acceleration in the Z direction 
can be canceled out without causing cancellation for X- 
direction acceleration. 

The electrodes of the Y-direction sensor 31 are also 
connected in a similar manner so that no output voltage 
appear in the Y-direction sensor 31 for the Z-direction 
acceleration. Thus, an output voltage appears only in 
the Z-direction sensor 32. 

In this sensor unit, as described above, the respec- 
tive sensors produce output voltages corresponding to 
the components in respective directions. 

The shapes of the piezoelectric materials and elec- 
trodes are not limited to those described above. For ex- 
ample, instead of disposing piezoelectric materials on 
circular-shaped flexible plates as shown in Figs. 30(a) 
(b)(c), they may also be disposed on rectangular- 
shaped flexible plates as shown in Fig. 32(a). 

In the sensor unit according to the present inven- 
tion, because each of the three sensors is responsible 
for detection only in one assigned direction, each sensor 
is needed to detect only one component of an acceler- 
ation in the assigned direction (for example the X-direc- 
tion sensor is needed to detect a component in the X 
direction). 

Therefore, it is desirable that the operating mem- 
bers of three-axis sensors be constrained so that they 
are allowed only in the motion along particular directions 
corresponding to the directions assigned to the respec- 
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tive three-axis sensors so that the respective sensors 
have anisotropic sensitivity to a physical quantity ap- 
plied from the outside. 

With this arrangement, the respective sensors do 
not respond to components different from the. assigned 
direction. This makes it possible to prevent interference 
among components in the X, Y, and Z directions, and 
thus the external physical quantity can be detected more 
accurately. 

More specifically, in the three-axis sensors as- 
signed the X and Y directions, high-rigidity portions hav- 
ing a higher bending rigidity than the other portions may 
be formed on opposite sides of the flexible plate of each 
three-axis sensor so that the high-rigidity portions are 
at symmetric locations about the X or Y axis assigned 
to each three-axis sensor. 

For example, in the X-direclion sensor 30 located 
on the left side in Fig. 1 (b) and in the Y-dlrection sensor 
31 located at the center, the operating members 
(weighls) 36 and 38 suspended below the flexible plates 
33 and 34 have projections 44 and 45 so that operating 
members have a higher rigidity in the directions of the 
projections 44 and 45. 

In this structure, although the weights 36 and 37 are 
constrained in the Z direction in which only bending 
stress is applied to the projections 44 and 45, the 
weights 36 and 37 have no constraint in motion in the 
direction in which no bending stress is applied to the 
projections 44 and 45, that is, in the X direction for the 
X-direction sensor 30 and in the Y direction for the Y- 
direction sensor 31 . 

In this structure, two sensors can accurately detect 
X and Y components, respectively, independently of 
each other. 

In the case of the Z-direction sensor, it is preferable 
that the center of gravity of the operating member 39 is 
located within the plane of the flexible plate 35. More 
specifically, as is the case in the sensor 32 on the right 
side in Fig. 1 (b), the operating member 38 is formed into 
a symmetric shape about the X-Y plane. 

In this structure, the operating member 38 is bal- 
anced between the upper and lower portions with re- 
spect to the X-Y plane, and thus the operating member 
38 does not move easily in the X and Y directions while 
it can easily move in the Z direction. 

Therefore, the sensor 32 has no sensitivity to an ac- 
celeration in the X or Y direction and can detect only a 
Z component with high accuracy. 

Another method of constraining the motion of the 
operating members 36 and 37 is to form thick portions 
having a greater thickness than the other portions on 
opposite sides of the flexible plates 33 and 34 of the 
respective three-axis sensors 30 and 31 6othat the thick 
portions are at symmetric locations about the X or Y axis 
assigned to the respective three-axis sensors 30 and 
31. 

More specifically, the thick portions may be formed 
by means of a laminate molding technique into an inte- 



gral fashion, by means of a screen printing technique, 
by means of bonding reinforcing members via an adhe- 
sive, or by means of the transfer printing technique. Of 
these techniques, the laminate molding into an integral 
5 fashion is more preferable because of its use. 

Similar effects may also be achieved by forming 
hard portions having a greater hardness than the other 
portions on opposite sides of the flexible plates 33 and 
34 of the respective three-axis sensors 30 and 31 so 
to that the hard portions are at symmetric locations about 
the X or Y axis assigned to the respective three-axis 
sensors 30 and 31 . 

This can be accomplished for example by putting a 
hardening agent on the desired portions of the flexible 
is plates 33 and 34 by means of coating or dispersion. As 
for the hardening agent, an agent which increases in the 
hardness as a result of chemical reaction or solid solu- 
tion with the material of the flexible plate may be em- 
ployed. 

20 in the case where piezoelectric material 40 or 31 
are disposed over the entire upper surface of the flexible 
plates 33 and 34, it is also possible to make either the 
flexible plates 33 and 34 themselves or the piezoelectric 
materials 40 and 41 partially hard thereby achieving 

25 similar effects. 

SPECIFIC EXAMPLES 

Some specific examples of sensor units according 
30 to the present invention are described below. 

Example 1 

Figs. 1 (a)(b)(c) illustrate an example in which pie- 

35 zoelectric materials 40, 41 , and 42 are disposed togeth- 
er with corresponding electrodes on circular-shaped 
flexible plates 33, 34, and 35, respectively, wherein 
weights 36, and 38 are suspended at the center of the 
respective flexible plates 33, 34, and 35. 

40 Flat plate-shaped projections 44 and 45 having a 
high bending rigidity are formed on the respective 
weights 36 and 37 suspended by the respective flexible 
plate 33 and 37. In the case of the X-direction sensor 
30 on the left side of Figs. 1 (a)-(d), projections 44 and 

45 45 are formed on opposite sides of the weight 36 and 
located at symmetric positions about the X axis. In the 
Y-direction sensor 31 located at the center in Figs. 1(a)- 
(d), two projections 44 and 45 are formed on opposite 
sides of the weight 37 and located at symmetric posi- 

50 tions about the Y axis. 

In the Y-direction sensor 31, the weight 37 is con- 
strained in motion in the X and Y directions in which a 
bending stress occurs on the projections 44 and 45 
while motion is not restricted in the Y direction in which 

5S no bending stress occurs on the projections 44 and 45. 
In the X-direction sensor 30, similar constraints of mo- 
tion occur. 

In the case of the Z-direction sensor 32 on the right 
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side of Figs. 1 (a)-(d), the operating member 38 is formed 
into a symmetric shape about the X-Y plane and located 
so that the center of gravity of the operating member 38 
is in the plane of the flexible plate 35. 

In this structure, the operating member 38 is bal- 
anced between the upper and bwer portions with re- 
spect to the X-Y plane, and thus the operating member 
38 does not move easily in the X and Y directions while 
it can easily move in the 2 direction. 

In the sensor unit shown in Figs. 1(a)-(d), as de- 
scribed above, each sensor responds only to the com- 
ponent assigned to it, and thus the respective compo- 
nents in the X, Y, and Z directions are detected accu- 
rately. 

Example 2 

In another example shown in Fig. 32(b), the basic 
structure shown in Fig. 32(a), in which piezoelectric ma- 
terials 40, 41 , and 42 are disposed together with corre- 
sponding electrodes on rectangular-shaped flexible 
plates 33, 34, and 35, is modified such that the flexible 
plates 33 and 34 of the respective sensors 30 and 31 
have holes 50 and 51 , respectively. 

As a result of the formation of the holes 50 and 51 , 
the flexible plates 33 and 34 become easier to deform, 
thus achieving a higher sensitivity. 

Example 3 

Figs. 33(a)(b) illustrate another example in which 
the basic structure shown in Fig. 32(a) is employed but 
the weight of the Z-direction sensor 32 is modified so 
that the upper portion of the weight located on the upper 
side of the flexible plate 35 is made of a piezoelectric 
material 55. 

This structure can be easily realized by producing 
the weight and the piezoelectric material 55 by means 
of simple steps of printing process. 

Example 4 

Figs. 34(a)(b) illustrate an example in which the ba- 
sic structure shown in Fig. 32(b) is employed but the 
structure of each three-axis sensor is converted into an 
umbrella-shaped structure. The umbrella-shaped struc- 
ture refers, as described earlier, to a basic sensor struc- 
ture comprising a supporting column 65, 66, or 67 and 
a flexible plate 33, 34, or 35 having a piezoelectric ma- 
terial 40, 41, or 42 in contact with at least one pair of 
electrodes and horizontally extending from the central 
position where the supporting column is located. 

In this umbrella-shaped structure, weights 56, 57, 
and 58 having a large mass can be easily realized, and 
thus it is possible to easily enhance the sensitivity of the 
sensors. 

Figs. 35(a)(b) illustrate an example in which the ba- 
sic structure employed in Example 1 is modified such 



that the supporting base 70 has a bottom plate 71 . 

The formation of the bottom plate 71 of the support- 
ing base 70 results in an increase in the rigidily of the 
supporting base 70, thus ensuring high-accuracy detec- 
5 tion of the behavbr of an object (such as a car) on which 
the sensor unit is installed. Furthermore, this structure 
makes it easy to install the sensor unit on the object. 

In the sensor unit according to the present inven- 
tion, as described above, each sensor responds only to 
10 a particular component assigned to the sensor without 
encountering interference among components in the X, 
Y, and Z directions, thus ensuring that each component 
can be detected independently of each other. This al- 
lows an improvement in detection accuracy while main- 
15 taining a high sensitivity. 

The invention also consists in the sensing methods 
disclosed herein. 



20 Claims 

1. A sensor unit comprising at least three three-axis 
sensors disposed in one plane, said at least three 
three -axis sensors each comprising: 

25 

an operating member; 

a supporting base having a hollow and dis- 
posed around said operating member located 
at the center of the hollow; and 

$o a flexible plate having a piece of piezoelectric 

material in contact with at least one pair of elec- 
trodes and extending across said hollow at an 
end of said supporting base, said operating 
member being suspended at the center of said 

35 hollow by said flexible plate; 

said flexible plate being deformed in response 
to the behavior of said operating member cor- 
responding to a physical quantity applied from 
the outside, said piece of piezoelectric material 

40 generating a charge corresponding to the de- 

formation of the flexible plate thereby three-di- 
mensionally detecting the magnitude and the 
direction of said physical quantity, wherein: 

45 when a three-dimensional X-Y-Z coordinate 

system is defined in such a manner that the central 
point of said flexible plate at which said operating 
member is suspended is defined as an origin O and 
a plane parallel to said flexible plate and passing 

so through said origin O is defined as an X-Y plane, 
said three three-axis sensors are assigned the X, 
Y, and Z directions, respectively, of said three-di- 
mensional coordinate system so that a physical 
quantity applied from the outside is detected for 

5S each component in the X, Y, and Z directions inde- 
pendently of each other thereby three-dimensional- 
ly detecting the magnitude and the direction of said 
physical quantity. 
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2. A sensor unit according to Claim 1, wherein a 
weight is employed as the operating member for de- 
tecting an acceleration applied from the outside. 

3. A sensor unit according to Claim 1 or 2, wherein in 
the three^axis sensors assigned the X, Y, and Z di- 
rections, respectively, each operating member is 
constrained in motion so that said each operating 
member can move only in a specified direction 
thereby making each three-axis sensor have an an- 
isotropic sensitivity to the physical quantity applied 
from the outside. 

4. A sensor unit according to Claim 3, wherein in each 
of the three-axis sensors assigned the X and Y di- 
rections, respectively, high-rigidity portions having 
a higher bending rigidity than the other portions are 
formed on opposite sides of the flexible plate of said 
each three-axis sensor so that said high-rigidity por- 
tions are al symmetric locations about the X or Y 
axis assigned to said each three-axis sensor there- 
by constraining the motion of said each operating 
member. 

5. A sensor unit according to Claim 3, wherein in each 
of the three-axis sensors assigned the X and Y di- 
rections, respectively, thick portions having a great- 
er thickness than the other portions are formed on 
opposite sides of the flexible plate of said each 
three-axis sensor so that said thick portions are at 
symmetric locations about the X or Y axis assigned 
to said each three-axis sensor thereby constraining 
the motion of said each operating member. 

6. A sensor unit according to Claim 5, wherein said 
thick portions having a greater thickness than the 
other portions are formed on the flexible plate by 
means of laminate molding into an integral form. 

7. A sensor unit according to Claim 5, wherein said 
thick portions having a greater thickness than the 
other portions are formed on the flexible plate by 
means of a screen printing technique, by means of 
putting a reinforcing member via an adhesive, or by 
means of a transfer printing technique. 

8. A sensor unit according to Claim 3, wherein in each 
of the three-axis sensors assigned the X and Y di- 
rections, respectively, 

hard portions having a greater hardness than 
the other portions are formed on opposite sides 
of the flexible plate of said each three-axis sen- 
sor so that said hard portions are at symmetric 
locations about the X or Y axis assigned to said 
each three-axis sensor thereby constraining 
the motion of said each operating member. 



9. A sensor unit according to Claim 8, wherein said 
hard portions having a greater hardness than the 
other portions are formed on the flexible plate itself 
or on the piezoelectric member formed over the en- 

5 tire upper surface of said flexible plate by disposing 
a hardening agent by means of coating or spraying 
technique. 

10. A sensor unit according to any one of claims 3-9, 
10 wherein in the three-axis sensor assigned the Z di- 
rection, 

said operating member suspended by the flex- 
ible plate of said three-axis sensor is formed so 
15 that the center of gravity of said operating mem- 

ber is located in the plane of said flexible plate 
thereby constraining the motion of said operat- 
ing member 

11. A sensor unit according lo Claim 10, wherein said 
operating member is formed so that it has a sym- 
metric shape about the X-Y plane thereby locating 
the center of gravity of said operating member in 
the plane of said flexible plate. 

12. A sensor unit comprising two three-axis sensors 
disposed in one plane, said two three-axis sensors 
each comprising: 

an operating member; 

a supporting base having a hollow and dis- 
posed around said operating member located 
at the center of the hollow; and 
a flexible plate having a piece of piezoelectric 
material in contact with at least one pair of elec- 
trodes and extending across said hollow at an 
end of said supporting base, said operating 
member being suspended at the center of said 
hollow by said flexible plate; 
said flexible plate being deformed in response 
to the behavior of said operating member cor- 
responding to a physical quantity applied from 
the outside, said piece of piezoelectric material 
generating a charge corresponding to the de- 
formation of the flexible plate thereby three-di- 
mensionally detecting the magnitude and the 
direction of said physical quantity, wherein: 
when a two-dimensional X-Y coordinate sys- 
tem is defined in such a manner that the central 
point of said flexible plate at which said operat- 
ing member is suspended is defined as an ori- 
gin O and a plane parallel to said flexible plate 
and passing through said origin O is defined as 
an X-Y plane, said two three-axis sensors are 
assigned the X and Y directions, respectively, 
of said two-dimensional coordinate system so 
that a physical quantity applied from the outside 
is detected for each component in the X and Y 
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directions independently of each other thereby 
two-dimensionaily detecting the magnitude and 
the direction of said physical quantity. 

13. A sensor unit according to Claim 12, wherein a s 
weight is employed the operating member for de- 
tecting an acceleration applied from the outside. 

14. A sensor unit according to Claim 12 or 13, wherein 

in each of the three-axis sensors assigned the X 10 
and Y directions : respectively, each operating mem- 
ber is constrained in motion so that said each oper- 
ating member can move only in a specified direction 
thereby making each three-axis sensor have an an- 
isotropic sensitivity to the physical quantity applied 1$ 
from the outside. 

15. A sensor unit according to Claim 14, wherein in 
each of the three-axis sensors assigned the X and 

Y directions, respectively, high-rigidity portions hav- 20 
ing a higher bending rigidity than the other portions 

are formed on opposite sides of the flexible plate of 
said each three-axis sensor so that said high-rigidity 
portions are at symmetric locations about the X or 

Y axis assigned to said each three-axis sensor 25 
thereby constraining the motion of said each oper- 
ating member. 
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Fig. 4 (a) 
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Fig. 6 (a) 
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Fig. 8 
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Fig. 13 
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Fig. 16 




Fig. 17 




24 



RN.Rnnr.in; <pp opajwaaai i •» 



EP 0 869 366 A1 




EP 0 869 366 A1 




26 



BNSDOCID:<EP ftftftOVWAl I * 



EP 0 869 366 A1 




EP 0 869 366 A1 



Fig. 23 
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Fig. 24 
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Fig. 25 
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Fig. 28 
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Fig. 30 (a) 
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Fig. 31 (a) 




36 37 38 




BNSDOCID: <6P 0869366A1 I > 



35 



EP 0 869 366 A1 




36 



EP 0 869 366 A1 




EP 0 869 366 A1 




EP 0 869 366 A1 




EP 0 869 366 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 30 2275 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Catepory 


Citation ol document with indication, where appropriate, 
of relevant passages 


Relevant 
ro claim 


CLASSIFICATION OT THE 
APPLICATION <lnl.CI.6) 


Y 
Y 


EP 0 731 357 A (WAKO KK) 11 September 1996 

* claim 1; figures o-ll * 

EP 0 549 807 A (OKADA KAZUHIRO) 7 July 
1993 

* column 19, paragraph 2; claim 13; figure 
18 * 


1-15 
1-15 


G01P15/00 
G01P 15/09 
G01L5/16 


Y 


US 4 891 984 A (FUJII TETSUO ET AL) 9 

January 1990 

* abstract; figure 1 * 


1-3, 
12-14 


1 
i 


Y 


US 5 065 628 A (BENECKE WOLFGANG) 19 
November 1991 

* abstract; figures 1,5 ; 6 * 


1-3, 
10-14 


| 


Y 


WO 89 10567 A (SECR DEFENCE BRIT) 2 
November 1989 

* page 2, paragraph 3 - page 2, paragraph 
5 * 


2-9, 
13-15 






* page h % parograpn 1 * 




TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) ! 


Y 


US 5 567 880 A (YOKOTA Y0SHIHIR0 ET AL) 
22 October 1996 

* column 6, paragraph 2 - column 6, 
paragraph 3; claim 4; figures 13.14 * 


C 11. 

13-15 


G01P 
G01L 


A 


US 5 496 352 A (RENGER HERMAN L) 5 March 
1996 

* column 4, paragraph 1 - column 4, 
paragraph 2 * 


3,14 




The present search report has been drawn up tor all claims 







Pbcaef Mtrh 

MUNICH 



Dai* of completion ol t\* <• arch 

15 July 1998 



Ejamin«r 

Fellcetti , C 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant it taken alone 

Y : particularly rate van l tf combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P ; intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after Ihe filing date 
D : document cited in Ihe application 
L : document ciied tor other reasons 



& : member ol the same patera lamdy. corresponding 
document 



40 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

BLACK BORDERS 
jzf IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
C^FADED TEXT OR DRAWING 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

J^COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



